Because statistical analysis requires the ability to use mathematics, students typically are required to take one or more prerequisite math courses prior to enrolling in the business statistics course. Despite these math prerequisites, however, many students find it difficult to learn business statistics.
Introduction
Virtually all accredited business schools require their students to take one or more courses in both mathematics and business statistics. In addition, most introductory business statistics courses require one or more math courses to provide the necessary mathematical foundation for statistics. However, despite these prerequisite math courses, many students do poorly in their business and economics statistics (hereafter, business statistics) course. It has even been alleged that "… Business Statistics is the most hated, most unpopular course in the business program." 1 Potential reasons cited for poor student performance include statistics anxiety, inadequate statistics instruction, inadequate math preparation before matriculation and inadequate math prerequisites prior to taking the statistics course. 2 In this study, we focus on the importance of math prerequisites for student performance in the business statistics course. Specifically, we use an ordered probit model to examine the relationship between alternative math course sequences and the grades earned by students the first time they complete the business statistics course. 3 We then show how imposing a minimum grade requirement of C-for the prerequisite math course would be expected to affect student performance in business statistics.
Several studies have previously examined the impacts of mathematics skills and topics on student performance in business statistics. 4 To our knowledge, however, this is the first study to examine the effect of alternative prerequisite math course sequences on student performance. 5 It is also the first study to demonstrate the effect on student success in business statistics of imposing a minimum grade requirement for the prerequisite math course. Table 1 shows the percentage distributions for grades F through A for virtually all students who completed their business statistics course for the first time from Fall 2001 through Summer 2006. 6 About 11 percent of these students failed the course and another 14 percent earned a D. Including students who enrolled and then withdrew from the course before the semester ended, more than 30 percent of our students earned a D, F or W the first time they enrolled in the business statistics course during this fiveyear period. 7 As we noted above, one factor that might account for the poor student performance in their first business statistics course is inadequate prerequisite math courses. Several changes in math prerequisites at our university over the past five years have provided us with a unique opportunity to examine the extent to which different prerequisite math course sequences and math topic coverage can influence student performance in the business statistics course. The topics covered in these math sequences are shown in Table 3A and 3B. As Table 3A indicates, the two preliminary algebra classes (MATHS 108 and 111) differ in terms of the topics covered. Because MATHS 108 is a prerequisite for MATHS 111, their common topics are covered in greater detail in MATHS 111, which includes numerous additional topics as well. 
Student Performance in Business Statistics: An Overview

The Model
Our study focuses on the effect of the different prerequisite math course sequences on the specific grade (from A to F) that a student received when completing the business statistics course for the first time. Our model is
The dependent variable (STAT) is an index for the grade (A-to A = 4; B-to B+ = 3; ...; F=0) that students received the first time they completed the business statistics course. The first set of independent variables consists of four 0, 1 dummy variables (D131, D135, D161 and D165) that designate the specific prerequisite or acceptable alternative math sequence taken instead of the MATHS 132 sequence and MATH, which is the numerical grade (A = 4, A-= 3.7, ..., F = 0) that students received in the last course of their specific math sequence.
We do not use a dummy variable for MATHS 132 because its sequence is the base against which the impacts of the other math sequences are measured. We chose this sequence as the base because it had been the prerequisite math sequence for two decades prior to Fall 2004. We wanted to assess the effect on student grade performance in the business statistics course of the recent changes to less rigorous required prerequisite math courses. Furthermore, we wanted to compare the effect on student grade performance in the business statistics course of the more rigorous alternative substitute math sequences relative to that of the previous long-standing prerequisite math sequence. We were interested in determining the types of changes in the prerequisite math sequences that would yield better student performance.
The second set of independent variables consists of four interaction terms (D131M, D135M, D161M and D165M), each of which equals the product of the respective 0,1 math sequence dummy variable and the MATH score described above. These four interaction terms are included to examine whether the math grade received (e.g., A) had different effects on the statistics course grade depending on which math sequence was taken instead of the MATHS 132 sequence.
The final set of independent variables consists of selected student characteristics often used in studies of student performance. These are the student's cumulative grade point average (GPA) immediately prior to first-time completion of the business statistics course, the numerical grades (A = 4, A-= 3.7, ..., F = 0) received in the principles of accounting (ACC) and microeconomics (ECON) courses taken prior to firsttime completion of the business statistics course, and a 0, 1 dummy variable (Summer) that indicates whether the business statistics course was completed during the summer instead of the fall or spring semesters. 16 Table A1 in the Appendix provides a more detailed definition of these variables.
The estimated coefficients for D131 and D135 measure the impact on student performance in business statistics for students who took the MATHS 131 or MATHS 135 sequences compared to those who took the MATHS 132 sequence. They are expected to be negative because these prerequisite sequences are less rigorous and have fewer credit-hours. 17 The estimated coefficients for D161 and D165 are expected to be positive because they measure the influence on student performance in business statistics for those who took the more rigorous math sequences compared to students who took the MATHS 132 sequence. The estimated coefficient for MATH is also expected to be positive because it measures the impact of math knowledge gained in the final prerequisite math course on student performance in business statistics regardless of which math sequence was taken.
We have no a priori expectations for the signs of the estimated coefficients for the math interaction terms (D131M, etc.). These coefficients measure the difference in the impact on student performance in business statistics for the grade received in that math course relative to the same grade received in MATHS 132. For example, if the estimated coefficient for a specific math course dummy variable is positive, a student who earns a B in that course would be expected to earn a higher grade in business statistics than a similar student who had taken MATHS 132. If the estimated coefficient on the math course interaction term is also positive, the expected statistics grade would be even higher. The opposite occurs if the estimated coefficient for the specific math course interaction term is negative. We have no reason to expect, a priori, that the signs of the estimated interaction coefficients will necessarily be positive or negative.
The estimated coefficients for GPA, ACC, ECON and Summer are expected to be positive. Previous studies have found that higher grade point averages and better grades in accounting and microeconomics courses have positive influences on student performance. 18 Finally, studies have also shown that grades are higher for classes taken in the summer than in either the fall or spring semesters. 19 The university student records office provided us with an extensive data set for all students (2,493 in total) who had enrolled in business statistics from Fall 2001 through Summer 2006. We used data for 1,684 students who received a grade of A through F the first time they took the business statistics course after having taken their math, accounting, and microeconomics courses at this university. Table 4 shows our ordered probit model estimation results. The signs of the estimated coefficients are generally consistent with our expectations. The coefficients for D165, MATH, GPA, ACC, ECON and Summer are positive and statistically significant at the .01 level. Those for D161 and D161M are both positive and jointly significant at the .05 level. In contrast, the coefficients for D131 and D131M and for D135 and D135M have mixed positive-negative signs and are not statistically significant, either alone or paired, at usual significance levels. Finally, the estimated coefficient for D165M is negative and statistically significant at the .01 level. However, while informative, the estimation results presented in Table 4 represent only the first, and not necessarily the best, way to view the outcome of the probit analysis. Wooldridge warns that, "... the most difficult aspect of ... probit models is presenting and interpreting the results." 25 There are two main reasons for this "difficulty". First, "there is no universally-accepted goodness-of-fit measure ... for probit ... models." 26 Second, the outcomes of chief interest from the model are not the estimated coefficients per se. Instead, they are the conditional response probabilities that indicate how the explanatory variables affect the probability of achieving a specific value of the dependent variable.
The Ordered Probit Model Estimation
With regard to the first difficulty, several measures are often used to determine how well the model performs. Two commonly used measures are the Pseudo R-squared and the percent of index values correctly predicted. 27 A third suggested measure is the sum of the fraction of each index value correctly predicted. If this sum exceeds unity, the model is considered to have predictive power. 28 For our model, the Pseudo R-squared (an analog to the R-squared from linear regression models) is 0.178.
Information of the model's correct and incorrect predictions for values of the dependent variable, STAT, are displayed in Table 5 . The model has an overall correct prediction rate of about 44 percent. In comparison, a default (constant probability) model (not shown in Table 5 ) has a correct prediction rate of about 30 percent. 29 Our model also has a 20 percentage point correction rate for the incorrect predictions made by the default model. For the third suggested goodness-of-fit measure, the sum of the fraction of each index value predicted correctly is 1.96, which is well above the unity threshold. Second, as noted above, the greatest challenge in presenting and interpreting probit results is that the outcomes of chief interest from our model are the conditional response probabilities [e.g., P(STAT = 4 | the individual explanatory variables), P(STAT = 3 | the individual explanatory variables), etc.] that indicate how the explanatory variables affect the probability of achieving a specific grade (A to F) in the business statistics course. There are two alternative ways to present and interpret the relevant response probabilities derived from the model. Both of these are presented in the following section.
Student Grade Performance in Business Statistics across Different Math Sequences
The conditional response probabilities are calculated using the model's estimated coefficients and limit points. 30 We used our ordered probit model estimates to derive the response probabilities for grades from A to F in the business statistics course conditional on the math sequence and the grade earned in the last math course in the sequence. 31 These probabilities are shown in Table 6 . The math sequence is identified by the last course in the sequence.
The business statistics grades are shown in the first column grouped into grade categories consistent with the STAT grade index: A-to A, B-to B+, etc. The predicted probabilities for each statistics grade category conditional on taking the specific math sequence are listed in the second column (Overall). The third through the sixth columns show the predicted probabilities for the business statistics grades by the math grade earned (again, grouped into grade categories) in the prerequisite math course.
Comparisons of the predicted probabilities for the business statistics grades across the alternative math sequences and math grades show the impact of the math coverage (especially, the extent of calculus covered), the number of math credit-hours, and the math knowledge gained (the math grade) on student performance. Whether we view the Overall column or the specific math grade columns across the alternative math courses, we see that students who took math sequences with more rigorous math coverage, more time devoted to calculus and more credit hours generally had higher probabilities of earning higher grades and lower probabilities of earning lower grades in business statistics. For example, examination of the Overall column in Table 6 shows that the probability of earning an A or A-grade in business statistics doubled from 15.54 percent, for students who took the MATHS 131 sequence, to more than 30 percent for those who took either the MATHS 161 or 165 sequence. In contrast, the predicted probability of earning an F in the business statistics course declined by nearly three-quarters, from 12.44 percent for students who took the MATHS 131 sequence, to 3.34 percent for those who took the MATHS 165 sequence. These substantial differences in predicted probabilities demonstrate the overall importance of math content and math credit hours on student success in business statistics without regard to the grade earned in the math course.
Moreover, the probabilities of better (worse) student performance in the business statistics course generally declined (rose) as the grade earned in the math class declined for each math sequence. Once again, these changes in the probability of student success in the business statistics course are substantial. For example, the probability of earning an A in business statistics declined from 41.13 percent to 2.15 percent as the grade earned by a student in MATHS 131 fell from A to D. Similarly, for students who took MATHS 161, the probability of earning an A in business statistics declined from 64.25 percent to 4.44 percent as the grade earned in the math class fell from A to D. In contrast, the probabilities of earning an F in business statistics generally rose substantially as the grade earned in the specified math course declined from A to D. The changes in the probabilities shown for students who took MATHS 165 are similar but considerably less dramatic. This result reflects the impact of the size of the negative estimated coefficient for the MATHS 165 interaction term.
Finally, we can examine the joint impact that both the prerequisite math sequence and the grade earned in the math class had on the probabilities of student success in the business statistics course. For example, the probability of earning an A in the business statistics course rose from 17.07 percent for students who earned a B in MATHS 131, to 32.63 percent for those who earned a B in MATHS 165. Similarly, the probability of earning an A in the business statistics course doubled from 2.15 percent for students who earned a D in MATHS 131 to 4.44 percent for those who earned a D in MATHS 161. 32 Thus, both students who do well and those who do poorly in their prerequisite math course sequences have higher probabilities of doing well in their business statistics course if they take more rigorous math courses with more credit-hours of instruction.
The second approach to viewing the model's results is to examine the marginal (or partial) impact on the probabilities of earning business statistics grades of A through F for a one-unit change in a specific explanatory variable. These marginal effects for selected variables are presented in As shown in column 2 of the Table, a student with a one-point higher GPA had a 22.82 percentage point increase in the probability of earning an A and a 9.79 percentage point decrease in the probability of earning an F. While we should not be surprised that better students in general are likely to be among the better students in their individual courses, it is evident from Table 7 that the student characteristics that result in higher GPAs play an important role in their grade performance in business statistics. 35 The third through the sixth columns in Table 7 show the changes in the probabilities of earning the designated grades in business statistics for students who took the listed math sequences instead of the MATHS 132 sequence. 36 The results in the 3 rd and 4 th column indicate, as expected, that taking the MATHS 131 or 135 sequences reduced the probabilities of earning higher grades (A or B) and increased the probabilities of earning lower grades (C to F) in the business statistics course compared to students who took the MATHS 132 sequence. However, this impact was relatively small. For example, MATHS 131 students had a 4.53 percentage point decline in the probabilities of earning an A or B in business statistics when compared to MATHS 132 students, while MATHS 135 students had only a 1.83 percentage point decline for the same comparison.
The results in the 5 th and 6 th columns in the table indicate that, as expected, taking the MATHS 161 or 165 sequences increased the probabilities of earning higher grades (A or B) and reduced the probabilities of earning lower grades (C to F) in the business statistics course compared to students who took the MATHS 132 sequence. Moreover, these changes in probabilities were substantial. For example, MATHS 161 students had a 19.24 percentage point increase in the probabilities of earning an A or B in business statistics when compared to MATHS 132 students, while MATHS 165 students had 18.71 percentage point increase for the same comparison.
At least three important conclusions arise from the results displayed in Tables 6 and 7 . First, more rigorous math coverage, especially more calculus, and more time spent on math in general (more credit hours of math) contribute substantially to higher probabilities of better student performance in business statistics. For example, as shown in Table 6 , students who earned a C in MATHS 161 or 165 had nearly identical probabilities of earning B or C in business statistics as did those who earned a B grade in MATH 131, 135 or 132.
Second, students who had a better grasp of the material covered (earned higher grades) in their prerequisite math courses, regardless of which sequence they took, and, of course, who had higher GPAs had greater probabilities of earning better grades in the business statistics course. Finally, Table 6 shows that students who earned a D in their math course had extremely high predicted probabilities of poor student performance (grades D or F) in business statistics, ranging from 56.89 percent, for students who took MATHS 131, to 47.8 percent, for students who took MATHS 161. These probabilities are approximately double those for students who earned a C in their prerequisite math course. 38 This last result suggests that imposing a minimum grade requirement of C-for the prerequisite (or the acceptable substitute) math class will substantially increase student performance in the business statistics course. This result could occur either if students retake the prerequisite math course, achieve a better understanding of the material and earn a higher grade or if they decide to abandon pursuit of a business or economics degree for other, perhaps easier, degree programs. In our sample, 248 out of 1, 684 students earned a D grade in their math course. Thus, other things unchanged, about 15% of the students in our sample would have had to repeat the prerequisite math course or change their intended fields of study. However, we believe that, had the minimum C-grade requirement for the prerequisite math course actually been imposed, the proportion of students adversely affected would have been much lower. Simply knowing that this minimum math grade requirement exists provides a strong incentive for prebusiness students to devote more time and effort to mastering the material covered in their prerequisite math course. 39
Caveats and Lacunae
The results of our ordered probit analysis suggest that students exposed to more rigorous math coverage, especially more calculus, and more time spent on math in general (more credit hours of math) will perform better in their business and economics statistics course. While this claim may appear obvious, this study is the first that provides extensive statistical support for it. However, like all such studies, there are some caveats associated with the conclusions that should be discussed. Also, there are some aspects of the study that are incomplete and, thus, perhaps, call for additional research at some future time. In other words, what alternative conclusions might be drawn from our study and what did we leave out?
First, students who took the more rigorous math courses (MATHS 161 or 165) may simply be better math students (and, perhaps, better students in general) than those who took the pre-business required math prerequisite courses (MATHS 131, 132 or 135) . To investigate this issue, we initially included the student's math SAT scores in our analysis as one of the independent variables. However, its estimated coefficient was never close to statistical significance. 40 Certainly, some students who took the more rigorous math courses prior to taking the business statistics course are among the better students in the university. They include actuarial science and math majors who are interested in pursuing either double majors or minors in economics or business. However, they also include students who desired to change their academic programs to business, perhaps because they believe that it is somewhat easier than their original degree program. Unfortunately, our data set did not include information on the students' initial or final majors.
Second, even casual examination of business and economics statistics texts shows that the discussion and use of calculus is virtually non-existent. Why, then, would enrolling in more rigorous math courses that include calculus topics result in better student performance in business statistics? Faced with the same question in their study of student performance in principles of economics courses, Hoag and Benedict suggested that "exposure to mathematical ideas appears to be more important in improving (student) performance" than even the math grade received. 41 They recommend that students should be required "to take more mathematics before taking economics on the grounds that students gain some maturity that helps them perform better in economics." 42 If math maturity is an important influence on student performance in business statistics, it explains why students who took the MATHS 161 or 165 sequences had higher probabilities of success.
Finally, a large number of studies have examined the impact of instructor-specific characteristics (e.g., individual teaching styles, gender, type of tests, choice of textbooks, use of on-line resources, etc.) on student performance in statistics and other courses. We did not include these variables because we were unable to link the students in our study with their respective instructors. 43 However, we did examine the course syllabi, exams, and statistics grade distributions for faculty who taught this course during the period of our study and found no major differences among them in their course coverage or grade distributions.
Summary and Aftermath
In this study, we demonstrate that prerequisite math course sequences that contain more credit hours, more rigorous coverage and more emphasis on calculus substantially increase the probabilities that a student will earn better grades and reduce the probabilities of earning a D or F in business statistics. We also show that imposing a minimum grade requirement of C-in the prerequisite math course will have similar effects on student performance.
We hope that these results will encourage business schools to re-examine the performance of their students in their business and economics statistics courses and to re-assess the effectiveness of the prerequisite math courses that their students are required to take. At our university, our preliminary research contributed to two important recent changes in the prerequisite math course sequence required for business statistics and admission to the College of Business. First, the College introduced the requirement that students must earn a minimum grade of C in MATHS 135 starting with the Fall 2006 semester. 44 Second, the College adopted a new prerequisite math sequence to replace the MATHS 135 sequence beginning with the Fall 2008 semester. This new sequence consists of MATHS 108, 111 and a new four-credit-hour course, MATHS 136: Mathematics for Business, which includes three additional weeks of calculus applications for business compared to the MATHS 135 course that it replaced. Prebusiness students will now be required to take MATHS 111-which is also taken by math and science students and generally taught by tenure-track faculty. The minimum requirement of a C grade has been retained for MATHS 136. We anticipate that future student performance in business statistics under the new prerequisite math sequence will more closely resemble that associated with the MATHS 161 sequence than those previously observed for either the MATHS 135 or 132 sequences. 9 The number of credit hours and the academic units for the course are identical.
10 MATHS 132 was not offered after the Spring 2004 semester.
11 The credit hours listed for the various math sequences are the maximum that students would have to take. They were allowed to enroll in MATHS 131, MATHS 135, MATHS 161 or MATHS 165 without taking all the math prerequisites for these courses if they had sufficient background in algebra and trigonometry as evidenced by their high school record, SAT/ACT score, and/or score on the mathematics placement test, or permission from the chair of the mathematics department. 14 There is a third important difference between the math courses generally taken by pre-business students (MATHS 131/132 and 135) and math and science students (MATHS 161 and 165). The former classes are generally taught by contract faculty, while the latter courses are typically taught by tenuretrack faculty.
the size of the negative estimated math grade interaction term for D165M. 33 The changes in probabilities for a one-unit change in GPA are calculated holding other explanatory variables constant at their mean values. The changes in probabilities for D131 through D165 are calculated by subtracting the probabilities for MATHS 132 from those for MATHS 131 through 165, respectively, in column 2 of Table 6 . To see how these marginal probabilities are calculated, see Greene (2008), p. 833-4. 34 Because the numbers shown in the Table are changes in the probabilities of earning the designated statistics grades, they must necessarily sum to zero.
35 See Yang and Raehsler (2005, p. 8) for very similar results for the marginal impact of GPA on intermediate microeconomics grades. 36 Here the one-unit change is the change in the appropriate dummy variable from 0 to 1. 37 For this reason, colleges and universities often impose minimum grade requirements on student performance in specific courses and minimum GPA requirements for entry into many degree programs. For example, the College of Business currently requires students to earn a minimum grade of C in the prerequisite math course, a minimum GPA of 2.25 in the pre-business core courses and a minimum GPA of 2.0 when they attain junior standing in order to enroll in upper-division business courses. 38 The low probabilities for MATHS 165 students remains puzzling and runs counter to the argument presented in the text. Since this category includes only 5 students, we regard this result as anomalous rather than a disconfirmation of our general analysis.
grade requirement on student performance in the business statistics course. However, footnote 38 contains some anecdotal evidence on its effect.
